The objective of this study was to assess whether resident exposure to liver transplantation anesthesia results in improved patient care during a simulated critical care scenario. Our hypothesis was that anesthesia residents exposed to liver transplantation anesthesia care would be able to identify and treat a simulated hyperkalemic crisis after reperfusion more appropriately than residents who have not been involved in liver transplantation anesthesia care. Participation in liver transplantation anesthesia is not a mandatory component of the curriculum of anesthesiology training programs in the United States. It is unclear whether exposure to liver transplantation anesthesia is beneficial for skill set development. A high-fidelity human patient simulation scenario was developed. Times for administration of epinephrine, calcium chloride, and secondary hyperkalemia treatment were recorded. A total of 25 residents with similar training levels participated: 13 residents had previous liver transplantation experience (OLT), whereas 12 residents had not been previously exposed to liver transplantations (non-OLT). The OLT group performed better in recognizing and treating the hyperkalemic crisis than the non-OLT group. Pharmacologic therapy for hyperkalemia was given earlier (OLT 53.3 6 27.0 seconds versus non-OLT 148 6 104.1 seconds; P , 0.01) and hemodynamics restored quicker (OLT 87.9 6 24.9 seconds versus non-OLT 219.9 6 87.1 seconds; P , 0.01). Simulation-based assessment of clinical skills is a useful tool for evaluating anesthesia resident performance during an intraoperative crisis situation related to liver transplantations. Previous liver transplantation experience
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Key words: Liver transplant -Anesthesia -Hyperkalemia -Reperfusion -SimulationCrisis management -Resident education A nesthesia care during orthotopic liver transplantation can be very challenging because of the complexity of altered physiology secondary to end-stage liver disease, combined with a very complex surgical procedure causing hemodynamic instability secondary to blood and volume shifts. Although providing anesthesia care during orthotopic liver transplantation exposes anesthesiology residents to several unique challenges, not all anesthesiology training programs expose their residents to these kinds of cases; nor is there a requirement by the American Board of Anesthesiology to do so. 1 A recent simulation-based project indicated that simulation training in intraoperative liver transplantation anesthesia care improved a resident's ability to provide anesthesia care during these situations. 2 Several other publications have indicated that simulation training improves skill level and the ability to communicate in crisis situations. [3] [4] [5] However, it is unclear whether the exposure to high-complexity anesthesia care (e.g., cardiothoracic anesthesia, liver transplantation anesthesia) will improve a resident's overall crisis management skills. There is evidence from surgical specialties that duty hour restrictions reduced the time for education. 6, 7 In surgical subspecialties using complex technology, traditional teaching methods could not keep up with the current need for knowledge and skill acquisition. 8 Because residency training time in the operating room has decreased in recent years because of work hour limitations as well as the need to expose residents to new techniques (e.g., transesophageal echocardiography, peripheral nerve blocks, critical care), anesthesiology residency program directors may have to choose which rotations provide the maximal learning benefit for the residents to develop their skill set. To answer the question of whether training in liver transplantation anesthesia care is advantageous for all residents, we designed a human patient simulation project. Our hypothesis was that anesthesia residents exposed to liver transplantation anesthesia care would be able to identify and treat a simulated hyperkalemic crisis after reperfusion more appropriately and in a more timely manner than residents who have not been involved in liver transplantation anesthesia care.
Methods
After institutional review board approval, anesthesiology residents eligible for liver transplantation anesthesia (postgraduate years 3-4) were asked to participate. By our departmental standards, the resident has to have his or her first cardiothoracic anesthesia rotation completed to be eligible for transplantation call. The residents in the liver transplantation experience group (OLT) had participated in at least one liver transplantation, whereas residents in the non-OLT group were eligible for OLT call but had not participated in any liver transplantation procedures at the time of the simulation project. The residents in the OLT group had participated in 1 to 4 liver transplantations, whereas residents with more than 4 liver transplantations were excluded from the study to maintain a training level with similar to that of the non-OLT residents. A patient simulator scenario was developed by the authors for this project. After the resident completed the simulation scenario, the video recordings were assessed and evaluated by a faculty member blinded to the liver transplantation experience of the participant.
Patient scenario
This scenario was conducted within the patient simulation laboratory at the University of Kentucky, using a patient simulator (Standard Man, 2000, Medical Educational Technologies Inc, Sarasota, Florida), a standard Phillips patient monitor (Phillips Medical Systems North America, Hoffman Estates, Illinois), and a mainstream anesthesia gas machine with oxygen/nitrous oxide fresh gas supply. Physiologic parameters, including arterial blood pressure, heart rate, pulse oxymetry, capnography, and central venous and pulmonary artery pressures, are continuously displayed during the scenario. In the scenario, the resident leads an operating room team during the reperfusion stage of an orthotopic liver transplantation. Hyperkalemia occurs after reopening of the portal vein, followed by hemodynamic deterioration progressing to cardiac arrest. While the surgeon initiates CPR, the anesthesia resident is expected to treat the hyperkalemic crisis. The time frame for the events during the scenario with expected interventions is shown in Fig. 1 .
Times for administration of epinephrine (epinephrine), calcium chloride (calcium), and secondary hyperkalemia treatment [insulin/glucose, sodium bicarbonate, or albuterol (Hyperkalemia Tx)] are recorded. After a minimum of 2 hyperkalemia treatments have been given, the simulation scenario resumes hemodynamic stability with sinus tachycardia. Time to hemodynamic stabilization (HD restored) is recorded. If the resident fails to identify and address the situation, or if incorrect actions are initiated, the patient's condition deteriorates further and the simulation scenario ends (end point ¼ 10 minutes of CPR, recorded as 600 seconds).
Video recording was used for the assessment of the crisis management and recording of the time to intervention. Times are given in seconds, starting at the beginning of reperfusion.
For the data analysis, participating residents were separated into two groups: residents with liver transplantation experience (OLT, n ¼ 13), and residents without liver transplantation experience (non-OLT, n ¼ 12). All residents had similar exposure to cardiothoracic and general anesthesia, as well as critical care medicine. Therefore, the residents' training levels appeared to be similarly distributed amongst the two groups, except for the liver transplantation experience. Data are presented by mean 6 SD. Statistical analysis was performed by the unpaired t-test as a parametric test and the Mann-Whitney U test as a nonparametric test without assumption about probability distribution. Statistical significance was assumed if P , 0.05.
Once the simulation experience and debriefing concluded, the participating residents were asked to rate their simulation experience and value for their development using 5 Likert-type scale questions.
Results
A total of 25 residents in the training years of postgraduate years 3 to 4 participated in the study. A total of 12 residents had no previous exposure to liver transplantation anesthesia care (non-OLT, n ¼ 12), whereas 13 residents had experience with liver transplantation anesthesia care prior to the simulation scenario (OLT, n ¼ 13). Times to epinephrine, calcium chloride, and hyperkalemia treatment are shown in Table 1 . Appropriate pharmacologic therapy in response to the hemodynamic deterioration associated with hyperkalemia was initiated earlier by residents with previous liver transplantation anesthesia training (OLT) compared with residents without liver transplantation training (non-OLT). Only 1 resident in the non-OLT group failed to recognize the hyperkalemic crisis and did not initiate appropriate treatment.
Hemodynamic restoration occurred earlier in the OLT group compared with the non-OLT group [87.9 6 24.9 seconds versus 219.9 6 87.1 seconds, respectively (Fig. 2) ]. Resident evaluations indicated that all residents (OLT and non-OLT) found the experience valuable and would recommend the experience to others (Fig. 3) .
Discussion
The presented data indicate that residents actively involved in anesthesia care during a liver transplantation respond faster to a simulated hyperkalemic crisis than residents who have not been previously involved in liver transplantation anesthesia.
Recent reviews have summarized the value of simulation training during anesthesiology residency and postcertification training. [9] [10] [11] [12] However, most of these publications emphasize the advantage of simulation training in improving patient care. Anesthesia residents have been shown to perform better during emergencies if they received prior simulation training. 13, 14 Our study used simulation to investigate the reverse relationship. Based on our observations, clinical exposure to liver transplantation anesthesia improved the anesthesia provider's ability to manage a mannequin-based simulation crisis.
Although Aggarwal et al 2 have shown that liver transplantation anesthesia care can be taught in a simulation-based setting, our project provides evidence that the clinical exposure to liver transplantation anesthesia care is beneficial for a resident's development of his or her overall ability of crisis management. We have chosen a hyperkalemic crisis because the situation is a common occurrence during liver reperfusion but also can occur during routine anesthesia care. Hyperkalemic crisis is not exclusively linked to intraoperative liver transplantation care, and the ability to effectively manage a hyperkalemic crisis should be expected of all anesthesia providers. It is interesting that only a limited exposure to liver transplantation anesthesia improved the crisis management skills of residents included in our study. Previous studies in surgical residents have indicated that it may take several training experiences to improve performance, depending on the complexity of the learned task. 15, 16 The difference with our findings might be explained Time to pharmacologic therapy of hyperkalemia and hemodynamic stabilization was measured in seconds from start of the scenario (reperfusion) to the recorded intervention: Epinephrine, calcium chloride and hyperkalemia therapy (minimum of 2 items: insulin/ glucose; albuterol; sodium bicarbonate; hyperventilation). Non-OLT residents (n ¼ 12), OLT residents (n ¼ 13). Data are shown as mean 6 SD. b P , 0.01. P value per unpaired t-test (parametric) and Mann-Whitney U test (nonparametric). by the intense educational learning with each liver transplantation experience. The case is staffed with a 1:1 attending-to-resident ratio, and detailed actions for possible hyperkalemia crisis are discussed before every reperfusion. Unfortunately, the presented study is not powered enough to provide more detailed information regarding a correlation between crisis management skills and frequency of exposure to liver transplantation anesthesia. Additional research should address this question.
All residency programs have been challenged by the Accreditation Council for Graduate Medical Education to document residents' skill progression during their residency through the assessment and reporting of Milestones. 17 The ability to respond to and manage crisis situations in a timely manner is essential for the field of anesthesiology. However, this skill set is very difficult to teach and assess in clinical practice. Simulation can be used to objectively assess the ability to provide patient care during crisis situations. 4, 18 Recording of the scenario can be used for debriefing and documentation. We found that simulation-based assessment is valid to document a difference in clinical practice depending on the resident's training level. Therefore, simulation should be seen as a valuable tool to assess skill progression and Milestone competency during the anesthesiology residency.
Concerns have been expressed about using clinical simulation for assessment of competency because case specificity may pose a noticeable threat to the reliability and validity of the assessment. 19 We chose a relatively short simulation scenario with a very defined clinical problem. However, because this is a very specific situation to be addressed, the findings may not be generalizable toward a broader clinical skill assessment. To be specific: the ability to recognize and treat a hyperkalemic crisis related to reperfusion during liver transplantation does not guarantee that the resident is able to treat the same way in a situation not related to liver transplantation, or that the resident is able to treat other intraoperative complications related to events during liver transplantation.
The ability of simulation to assess clinical performance has been previously investigated. 20, 21 The multiscenario approach was more reliable than that involving one scenario. 18 Although our study confirms the findings of previous studies, the interpretation of our findings is limited because we only investigated a single liver anesthesia-related crisis situation. Therefore, the beneficial impact of liver transplantation anesthesia on crisis management skills should be confirmed by additional simulation-based evaluations. Another limitation of the interpretation of our findings is the single-institution-based study design. Systems-based practice and awareness of institutional resources are essential for the success of crisis management. Therefore, the described approach to treatment of hyperkalemic crisis after liver transplantation reperfusion might not be directly transferable to other institutions. However, the simulation-based practice might give the residents an opportunity to develop their communication and leadership skills.
In anesthesiology, simulation has been introduced as a component of the primary certification and recertification process of the American Board of Anesthesiology. As outlined by Boulet and Murray, 22 this process is not without contention, and more validity evidence has been requested. This study adds evidence to the validity of simulation as an assessment option for clinical competence. Fig. 3 Using a survey of all participants (n ¼ 25) after the simulation experience, the perception of the learning experience was rated using a Likert scale, with 1 being strongly disagree and 5 being strongly agree (as shown in Fig. 1 ). Data are shown as mean 6 SD.
Our project did not address whether the clinical exposure to liver transplantation anesthesia is superior to other training methods for improving crisis management skills. Additional investigations are needed to explore whether other didactic techniques would have an impact on crisis management skills that was similar to that of clinical experience. Future investigations should expand the simulation scenario to include management of other liver transplantation complications during reperfusion.
In summary, our findings support the use of simulation-based assessment of clinical skills for evaluating anesthesia resident performance during an intraoperative crisis related to liver transplantation. Previous liver transplantation experience improved the anesthesia resident's ability to recognize and treat hyperkalemic cardiac arrest. These findings support the value of clinical exposure to liver transplantation anesthesia care for the development of crisis management skills.
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